Abstract. The weeds in this study consisted mainly of Chenopodium album, Slellaria media, Viola arvensis, Polygonum convolvulus, P. aviculare and P. lapathifolium. Increasing cereal seed rates reduced the numbers, individual weights and total yields of the most abundant species, Chenopodium album. The decreases in plant weight and total yield of the weeds were very steep when the cereal seed rate was raised from 25 to 200 kg/ha. Increases in the seeding rate reduced the total yields of weeds rather than their numbers. The effect of the cereal on weeds became apparent as soon as heading of the cereal was complete and was further enhanced by prolonged competition. Added nitrogen raised the weed yields at cereal seed rates of 25-100 kg/ha but reduced them at higher seed rates. Nitrogen also raised the yield and individual plant weight of C. album. Cereal seed rate did not affect the nitrogen, phosphorus, potassium, calcium and magnesium contents of the weeds grown among the crop. Due to larger total weed yields, however, the amounts of these nutrients in the weeds were higher in sparse than in dense cereal populations.
The average number of weeds on those Finnish spring cereal fields where no weed control has taken place are 550 plants/m 2 (Mukula et ai. 1969) . A spring cereal population of normal density consists of an approximately equal number of cereal plants, and it is important in the interest of plant production to study the competitive abilities of weeds under different environmental conditions. Winifred and Brenchley (1917) , Rademagher (1940, 1950) , Granström (1959 Granström ( , 1962 and Suomela and Paatela (1962) , among others, have made such studies. The effects of cereal seed rate and nitrogen fertilization on the growth of weeds among cereals were studied at the Institute of Plant Husbandry of the University of Helsinki, Viikki, in the years 1966-68.
Material and methods
Weed growth was studied in cereal seed rate trials where no weed control measures had been taken. The cereals grown were oats var. Sisu and spring wheat var. Svenno. A split-plot design was used with three replicates in 1966, and four in 1967-68. Ample basic dressing was applied to the soil which was fine sand. In 1966 the trials comprised two levels of nitrogen fertilization, 0 and 100 kg/ha N. Seeding rates for the oats and wheat were 25, 50, 100, 200, 400, 800 , and 1600 kg/ha. These produced populations of the following average densities at the seedling stage: 80, 140, 213, 414, 760, 1514, and 20 2708 plants/m 2 . The trial plots were irrigated by overhead spray to secure uniform emergence of seedlings.
Weed counts by species were made within 0.10 m 2 sample areas marked on the plots twice during the growing season, in 1966 a) at the 3-leaf stage of the cereals and b) when heading of the cereals was complete, in 1967-68 a) at the 3-leaf stage and b) when the cereals were ripe. From each trial plot the weeds from 2 X 0.10 m 2 sample areas were collected when the cereals were in ear and for a second time shortly before cereal harvest. Sample dry weights were determinedand the plants in each sample counted; from these figures average individual plant weights were calculated. Individuals of Chenopodium album were counted separately and their dry matter yields determined. Nitrogen, phosphorus, potassium, calcium, and magnesium contents of the weed yields were determined on the cereal plots sown with 25, 100, 400, and 1600 kg/ha. Total nitrogen was determined by the Kjeldahl method and phosphorus colorimetrically by the molybdenum blue method (Kaila 1955) . The other nutrient elements were determined by atomicabsorption spectrophotometer.
Weather conditions in the growing seasons 1966-68 June 1967 was cooler than normal, especially during the early part of the month, which hampered plant growth to some extent. Conditions became more favourable during the latter half of the month, and August-September were warmer than normal. Rainfall was lower than normal in June and July but higher than normal during the latter part of the summer; August was the wettest month. June 1968 was slightly warmer than normal but July was generally cloudy and rather cool. August again was dry and warmer than normal by about 1°C. Precipitation was abundant in May, but the early part of June was very dry. July with less than average precipitation was nevertheless the rainiest of the summer months. Table 2 ). The effect became more evident as the growing season progressed.
In 1967 the numbers of weeds declined consistently towards the autumn, whereas in 1968 the decrease was obvious, at higher cereal seed rates only ( Table 2 ). The effect of nitrogen fertilization on the number of weeds was not yet significant in June 1966, but in July there were significantly less weeds on the fertilized plots (N 10 0) than on the non-fertilized one (N 0).
Individual plant weight. Average individual weights of weeds were determined in the years 1967-68. Increasing the cereal seed rate reduced the individual weed weights significantly (Fig. 2) . As soon as heading of the cereal was complete, weed plants among the dense populations appeared smaller in size than those among the sparse A very sharp fall in plant weight was noted at seed rates from 25 to 200 kg/ha. At further increases of seeding rate the weight decrements became smaller until there were no significant differences in plant weight between plots with the highest cereal densities.
Individual weights of C. album plants also decreased with increasing cereal seed rates (Table 3 , Fig. 2 ). In 1967-68 the decline was even steeper for C. album than for all weeds (Fig. 2) . In 1966 the greatest weight reductions occurred on the plots with added nitrogen, for the effect of fertilization on plant size was most prominent at low levels of cereal seed rate (Table 3) . By September most C. album plants in the densest cereal stands had died, and the surviving individuals were smaller in size than those among the sparse stands. Nitrogen fertilization increased the weight of C. album. Average plant weight in the autumn was 0.32 gon the N 0 plots and 0.86 gon the N lOO plots.
Yields. The largest autumn weed yield from the plots with low seeding rates of cereal was 5330 kg/ha. Increasing the seed rate caused a rise in the grain yield and a very distinctive fall in the weed yield in all three years. Figures 3 and 4 illustrate the sharp decline in weed yield caused by cereal seed rate increments from 25 to 200 and 400 kg/ha.
In general the yield decline appeared steeper in the autumn than in the summer, for in the course of the growing season weed yields increased more in the sparse than in the dense cereals. On many occasions weed crops among dense cereal populations actually decreased towards the end of the growing season as a result of the death of some weed Average yield of C. album in the years 1967-68 was 500 kg/ha. Table 4 and Figure 5 show that the effect of cereal seed rate on the C. album yield was very clear in all years.
The decline in yield at increased cereal seed rates was already apparent in the course of the summers 1967-68 and became all the more evident by the time of the autumn harvest. In sparsely sown cereal populations the C. album yield increased towards the autumn, whereas at high cereal seed rates it fell from summer to autumn harvest (Table 5) .
The nitrogen fertilization in 1966 did not alone affect the total yield of weeds but together with the varying cereal seed rates there was a clear combined effect. When the cereal was sparse (seeding rates 25-100 kg/ha), nitrogen fertilization increased the weed crop, whereas in dense populations added nitrogen helped the cereal plants in controlling the growth of weeds quite effectively (Fig. 3) . The yield of weeds among the densest cereal was at the time of cereal heading 1.6 % and in the autumn 6.8 % of that of the weeds grown among the sparsest cereal.
Yields of C. album were significantly increased by nitrogen ( weeds; this indicates that therelative uptake ofnutrients by the weeds remained unaffected by increasing competition. Owing to the larger quantity of weeds, however, their total nutrient uptake from the soil was larger among sparse than dense cereal populations (Table 6 ). At Viikki the number of weeds was particularly high in 1966 as compared with observations made on corresponding dates in the following years (Fig. 2 , Table 2 ). This may be attributed to the generally favourable weather conditions in 1966. The apparent great differences between weed numbers in 1967 and 1968 were not statistically significant owing to wide dispersion of the data. Variations in the relative proportions of weed species were great in the different years.
The bulk of the weeds in all years, however, consisted of Chenopodium album, Stellaria media, Viola arvensis, Polygonum convolvulus, P. aviculare, and P. lapathifolium. The three first-named species are counted among the five commonest weed species in Finland (Mukula et ai. 1969) . According to Mukula and Raatikainen (1963) , individual dry weights of weed plants in 1963 ranged from 0.1 to 1.2 g with an average of 0.4 g. Somewhat larger weights were recorded at Viikki at the time of cereal harvest (Fig. 2) . Increasing densities ofcereal crop caused decreases in individual weed weights (Fig. 2) . Similar observations were made by Marx and Hagedorn (1961) and Hammerton (1962) who studied the effects on weeds of different growing densities of cabbage and peas. Lower than normal cereal seed rates resulted in very high total yields of weeds (Figs. 3 and 4) . In an earlier Finnish study (Mukula 1963 ) the average weed yield in spring cereal fields was found to be 1330 kg/ha in the years 1961-63. Previous trials with cereals at Viikki gave an average of 740 kg/ha (Suomela and Paatela 1962) . In the present study the average weed yield in 1966-68 was 1590 kg/ha, somewhat higher than the yields reported in literature. The average dry matter yield of C. album at Viikki was 500 kg/ha, clearly surpassing the average figure for the country which according to Mukula (1963) is 59 kg/ha. At a cereal seed rate of 25 kg/ha the growth of weeds was luxuriant enough to smother the cereal crop almost totally. Increments in seeding rate produced higher grain yields and reduced the total yields of weeds (Figs. 3 and 4) . The effect was on the yields rather than on the numbers of weeds. This is in accordance with earlier studies of competition between weeds and cultivated plants, which likewise have demonstrated that dense stands of cultivated crops are effective in reducing weed yields (Winifred and Brenchley 1917 , Granström 1962 , Nelson and Nylund 1962 , Weber and Staniforth 1957 , Wiese et al. 1964 . Nitrogen fertilization has been found to increase the numbers and yields of weeds in cereal crops (Suomela and Paatela 1962) . It has been shown, on the other hand, that nitrogen also improves the competitive abilities of cultivated plants thus alleviating the harmful effects of weeds (Koch 1954 , Jorge and Staniforth 1961 , Granström 1962 . The experiments at Viikki in 1966 showed that a sufficiently dense cereal population was capable of arresting the growth of weeds effectively by the aid of nitrogen fertilization. In sparse cereal crops nitrogen caused increases in the dry matter yields of weeds (Fig. 2) .
This was apparently due to increased plant size since it was found that as a rule the number of weeds declined as a result of nitrogen fertilization (Fig. 11 ).
According to some reports (Bakke and Pammel 1923, Suomela and Paatela 1962) oats are more capable of competition with weeds than is wheat. Thurston (1962) , on the other hand, considers the genus of the cereal unimportant once the crop is dense enough. At Viikki in 1966-68 the results were similar regardless of whether the crop was oats or wheat which were treated together without any discrimination. Viljan kylvömäärä ei vaikuttanut rikkakasvien typpi-, fosfori-, kalium-, kalsium-ja magnesiumpitoisuuksiin. Sadon määrästä johtui, että rikkakasvit kuitenkin sisälsivät näitä alkuaineita runsaammin harvassa kuin tiheässä viljakasvustossa.
